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Translation [machine] of JP 2002253964 



CLAIMS 



[Claim 1] The oxide photocatalyst ingredient which it has the titanium oxide crystal which grew from 
the crystalline germ on a substrate, and the configuration of this titanium oxide crystal constitutes 
the shape of a column, and is characterized by the interior of this columnar crystal being hollow 
structure. 

[Claim 2] The oxide photocatalyst ingredient according to claim 1 characterized by constituting the 
outer wall section of the titanium oxide crystal of the above-mentioned pillar-shaped hollow 
structure with high-density polycrystal. 

[Claim 3] The oxide photocatalyst ingredient according to claim 2 characterized by the width of the 
outer wall section whose path of the crystal grain which constitutes the above-mentioned outer wall 
section is the width of 2nm - 50nm and the crystal aggregate being 20nm - 100nm. 

[Claim 4] The oxide photocatalyst ingredient according to claim 1 characterized by the outer wall 
section of the titanium oxide crystal of the above-mentioned pillar-shaped hollow structure 
consisting of thin columnar crystals more remarkable than the titanium oxide crystal of this pillar- 
shaped hollow structure. 

[Claim 5] The oxide photocatalyst ingredient according to claim 4 characterized by the width of the 
outer wall section whose width or path of a columnar crystal simple substance which constitutes 
the above-mentioned outer wall section is the width of the aggregate of 2nm - 50nm and a 
columnar crystal being 20nm - 100nm. 

[Claim 6] The oxide photocatalyst ingredient of claim 1-5 characterized by the aggregate of crystal 
grain existing in the titanium oxide crystal of the above-mentioned pillar-shaped hollow structure 
given in any 1 term. 

[Claim 7] The oxide photocatalyst ingredient according to claim 6 characterized by the path of the 
above-mentioned crystal grain being 5nm - 50nm. 

[Claim 8] The oxide photocatalyst ingredient of claim 1-7 characterized by the upper limit section of 
the titanium oxide crystal of the above-mentioned pillar-shaped hollow structure having closed 
given in any 1 term. 

[Claim 9] The oxide photocatalyst ingredient of claim 1-7 characterized by a part of upper limit 
section [ at least ] of the titanium oxide crystal of the above-mentioned pillar-shaped hollow 
structure having opened wide given in any 1 term. 

[Claim 10] The titanium oxide crystal of the above-mentioned pillar-shaped hollow structure is the 
oxide photocatalyst ingredient of claim 1-9 characterized by putting a crystalline nucleus into the 



sol solution which consists of an organometallic compound, or applying the sol solution of an 
organometallic compound at a crystalline nucleus, and growing up from said crystalline nucleus by 
solidifying and heat-treating given in any 1 term. 

[Claim 11] The oxide photocatalyst ingredient according to claim 10 characterized by using any one 
of fine particles, a single crystal, polycrystal, the ceramics, glass ceramics, the metaled thermal 
oxidation film, and oxide films on anode as the above-mentioned crystalline nucleus. 

[Claim 12] The oxide photocatalyst ingredient according to claim 10 characterized by using the 
crystal film produced with chemical vapor deposition or physical vapor deposition as the above- 
mentioned crystalline nucleus. 

[Claim 13] The oxide photocatalyst ingredient of claim 1-1 1 which is not based on the class of 
ingredient of the crystalline nucleus into which a titanium oxide crystal is grown up, but is 
characterized by the magnitude being 1nm - 350nm given in any 1 term. 

[Claim 14] The oxide photocatalyst ingredient application article characterized by demonstrating a 
clarification function, an antibacterial function, a deordorization function, an antifouling function, etc. 
using the oxide photocatalyst ingredient of claim 1-13 given in any 1 term. 



DETAILED DESCRIPTION 



[0001] 

[Field of the Invention] this invention - an oxide photocatalyst object - setting - the shape of 
unique crystal form - having - and - high - it is related with the oxide photocatalyst ingredient 
with which an activity photocatalyst function is obtained, and its application article. 
[0002] 

[Description of the Prior Art] If the oxide photocatalyst represented by titanium oxide irradiates the 
light of wavelength with the energy more than the band gap, discovering a photocatalyst function 
by optical pumping is known from the former. The manifestation device originates in producing an 
electron in a conduction band by optical pumping, and producing an electron hole in a valence 
band, by a strong reduction operation of an electron and the strong oxidation of an electron hole, 
disassembles the organic substance and nitrogen oxides in contact with a photocatalyst into water, 
carbon dioxide gas, etc., and has antifouling, deodorization, an antibacterial function, etc. 
[0003] Current attention of the environmental purification approach and equipment using antifouling 
of such an oxide photocatalyst, deodorization, an antibacterial function, etc. is carried out. That is, 
it originates in environmental pollution problems, such as water pollution of these days, and air 
pollution. In such the actual condition, in order to attain high-performance-izing and efficient-izing of 
the environmental purification approach, high activation of the photocatalyst function of the oxide 
photocatalyst itself is called for. 

[0004] In the former, the oxide photocatalyst ingredient was usually powdered, and it was used, 
and handling was very difficult and it was difficult to include in an environmental purge. The 
powder-like oxide photocatalyst was mixed with the organic binder, and it applied on the base 
material, since a powder-like oxide photocatalyst was fixed, in it, it heated and the bottom of 




ordinary temperature or also making it fix were considered , but by this approach , in order that the 
organic substance might cover most oxide photocatalyst most [ parts or ], the photocatalyst 
function had the fault of inactivating remarkably, compared with the powder itself. Since the organic 
substance will furthermore be disassembled by the photocatalyst function, coat reinforcement 
deteriorated and there was another big problem concerning the endurance that powder will be 
omitted gradually. Although the fault of powdered omission is conquered when the photocatalyst 
object demonstrates a function only after it was exposed to the front face, and, as for a 
photocatalyst function, it fixes a powder-like oxide photocatalyst with an inorganic binder, as for the 
problem that for a wrap reason the area of a front face effective in a photocatalyst function will 
decrease, and a photocatalyst function will fall remarkably, a binder is not improved in some oxide 
photocatalysts. 

[0005] The sol-gel method indicated by the sputtering method indicated by the vacuum deposition 
method indicated by JP.8-266910A JP.9-192498.A, etc., JP.8-309204.A, JP.1 1-12720.A, etc. as 
what solves the trouble of the above-mentioned powdered oxide photocatalyst, JP,7-100378,A, 
JP, 10-1 801 18.A, etc. is proposed. Although the trouble of the above-mentioned powdered oxide is 
solved and the good photocatalyst function is obtained by these advanced technology, satisfaction 
does not go from the point of high activation. 

[0006] Moreover, as described above, a photocatalyst function takes place in the photocatalyst 
body surface where light is irradiated. For this reason, the technique which controls the surface 
state of a photocatalyst object for the purpose of high activation of a photocatalyst function, or the 
technique which controls the crystal of a photocatalyst body surface layer is known from the 
former. A publication-number No. 57912 [ nine to ] official report, JP.10-36144.A, the publication- 
number No. 57817 [ ten to ] official report, and the publication-number No. 231 146 [ ten to ] official 
report are indicated as a technique which controls the surface state of a photocatalyst object. The 
titanium oxide layer as a photocatalyst is formed in the front face of a glass substrate through the 
substrate film for director alkali cutoff, and the basic configuration indicated by these advanced 
technology forms silicon oxide in the front face of this titanium oxide layer. 
[0007] By forming the silicon oxide film in porosity, or performing micro processing to the titanium 
oxide film or a glass substrate, these advanced technology is preparing irregularity on a front face, 
and is carrying out the work which raises a photocatalyst function. That is, although the area of the 
front face which a photocatalyst object exposes by forming detailed irregularity in a front face 
increases and it is said that a photocatalyst function improves, remarkable improvement is not 
necessarily found. Moreover, processing of a substrate, processing of the film, insertion of a 
substrate layer, etc. have a problem also in respect of cost. 

[0008] The publication-number No. 288403 [ 2000 to ] official report is indicated as a technique 
which controls the crystal which constitutes a photocatalyst body surface layer. As for the basic 
configuration indicated by this advanced technology, the configuration of 30% or more of crystal 
grain is characterized by being an ellipse form or a half-ellipse form among the crystal grain of the 
titanium oxide with which titanium oxide is the crystal of an anatase mold, and exists in that surface 
section, and the thing for which the crystal of the titanium oxide of an ellipse form or a half-ellipse 
form is formed - high - an activity photocatalyst function is obtained Although it is making crystal 
grain into an ellipse form or a half-ellipse form, the area of the front face which a photocatalyst 
object exposes increases and it is said that the photocatalyst function of this improves, remarkable 
improvement is not necessarily found. 
[0009] 

[Problem(s) to be Solved by the invention] although the oxide photocatalyst formed by controlling 
the crystal which constitutes control of the oxide photocatalyst formed by the various production 




approaches and a photocatalyst body surface condition and the surface layer section of a 
photocatalyst object in the conventional technique mentioned above shows the good photocatalyst 
function, respectively - further - high - the oxide photocatalyst which has an activity photocatalyst 
function is called for. 

[0010] Such conventionally, in view of the situation, the invention-in-this-application person etc. put 
the chief aim on high activation of the oxide photocatalyst by crystal form-like control, and 
considered production of an oxide photocatalyst wholeheartedly with various processes, such as a 
CVD method and PVD, and the sol-gel method using an organometallic compound. Consequently, 
the crystalline nucleus produced from various processes, such as a CVD method or PVD, is put in 
into the sol solution which consists of an organometallic compound. Or by solidifying and heat- 
treating [ apply and ] a sol solution to said crystalline germ, and growing up a titanium oxide crystal 
from said crystalline germ the shape of crystal form of the titanium oxide crystal grown up from the 
crystalline germ accomplishes a columnar crystal, and the interior of a columnar crystal constitutes 
hollow structure - high the knowledge of an activity photocatalyst function being obtained is 
carried out, and it came to complete this invention. 
[0011] 

[Means for Solving the Problem] That is, the oxide photocatalyst ingredient concerning this 
invention has the titanium oxide crystal according to claim 1 which grew from the crystalline germ 
on a substrate like, and the configuration of this titanium oxide crystal constitutes the shape of a 
column, and the interior of this columnar crystal makes it a summary to be hollow structure. In this 
invention, what was united as that to which this columnar crystal is straightly extended in the 
direction of a vertical, including a prismatic form, cylindrical, and cylindrical ** as the configuration 
of a titanium oxide crystal is pillar-shaped, the thing extended in the shape of an inclination, the 
extended thing, the thing which branches in the shape of a branch and is extended, and two or 
more columnar crystals grew curving is included. 

[0012] Hereafter, this invention is explained concretely. The oxide photocatalyst ingredient of this 
invention produces an oxide photocatalyst with various processes, such as a CVD method and 
PVD, and the sol-gel method using an organometallic compound so that it may attain high 
activation of the oxide photocatalyst by crystal form-like control, the shape of crystal form of the 
titanium-oxide crystal which the crystalline nucleus produced by various processes, such as a CVD 
method and PVD, was put in into the sol solution of an organometallic compound in detail, or the 
sol solution of an organometallic compound was solidified and heat-treated [ apply and ] to said 
crystalline nucleus, and the titanium-oxide crystal was grown up from said crystalline nucleus, and 
was grown up from this crystalline nucleus accomplishes a columnar crystal, and the interior of a 
columnar crystal makes hollow structure - high - an activity photocatalyst function is obtained. 
Here, with solidification, heat desiccation may only be carried out, other heat components may be 
added, or water may be added and gelled. 

[0013] The shape of the crystal form becomes a unique thing called pillar-shaped hollow structure 
from a crystalline germ by growing up a titanium oxide crystal by solidifying and heat-treating the 
sol solution which consists of an organometallic compound. Moreover, in this invention, the 
titanium oxide crystal of pillar-shaped hollow structure is characterized by the outer wall section 
consisting of high-density polycrystals. The range of the path of the crystal simple substance which 
constitutes this outer wall section is 2nm - 50nm in general. Although rates are few, there are some 
from which it separates from this range. Although the width (namely, width of the outer wall section) 
of the crystal aggregate which constitutes the outer wall section is 20nm - 100nm about, it cannot 
be overemphasized that there are some from which it separates from this range in part. Moreover, 
the outer wall section of the titanium oxide crystal of pillar-shaped hollow structure may consist of 




thin columnar crystals more remarkable than this titanium oxide crystal. The width or the path of a 
crystal simple substance of this pillar-shaped hollow structure is 2nm - 50nm about, and the width 
(namely, width of the outer wall section) of the aggregate of a pillar-shaped hollow structure crystal 
is 20nm-100nm about. 

[0014] In the titanium oxide crystal of pillar-shaped hollow structure, it is one big description that 
the crystal aggregate which consists of the crystal grain whose path is about 5nm - 50nm in hollow 
structure exists. Although the titanium oxide crystal of pillar-shaped hollow structure without crystal 
grain is observed rarely, either, there are very few rates of occupying to the whole. As crystal grain 
exists mostly, possibility of activity of rising is higher. 

[0015] In this invention, the upper limit section has closed the titanium oxide crystal of pillar-shaped 
hollow structure in many cases. Moreover, although all the upper limit all [ a part or ] of a titanium 
oxide crystal of pillar-shaped hollow structure have opened wide, as for a rate, some which were 
produced on condition that usual have about 20% of a certain cases. If it produces on special 
conditions, all will almost be in an open condition and activity will become high. 
[0016] High activation of a photocatalyst function realizes the oxide photocatalyst ingredient 
concerning this invention by obtaining the titanium oxide crystal of the shape of a column which 
has hollow structure. 

[0017] Moreover, as the oxide photocatalyst ingredient of this invention was mentioned above, it is 
characterized by putting in the crystalline nucleus produced by various processes, such as a CVD 
method and PVD, into the sol solution of an organometallic compound, or solidifying and heat- 
treating [ apply and ] the sol solution of an organometallic compound to this crystalline nucleus, and 
growing up a titanium oxide crystal from said crystalline nucleus. 

[0018] Any of ****, a single crystal, the polycrystalline substance, the ceramics, glass ceramics, the 
metaled thermal oxidation film, and an oxide film on anode are sufficient as the crystalline nucleus 
which applies the crystalline nucleus or sol solution thrown in in the above-mentioned sol solution. 
Moreover, the crystal film produced by the CVD method and PVD as a crystalline nucleus may be 
used. Moreover, as for the magnitude, it is [ the crystalline nucleus into which these titanium oxide 
crystals are grown up ] desirable that it is 350nm or less irrespective of the class of the crystalline- 
nucleus matter. 
[0019] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail, referring to a 
drawing. The mimetic diagram of an example of the operation gestalt of the oxide photocatalyst 
ingredient applied to this invention at drawing 1 (a) and (b) is shown. The growth mimetic diagram 
in which the titanium oxide crystal (pillar-shaped hollow crystal) 3 of pillar-shaped hollow structure 
shows the condition of having grown up, from the crystalline germ 2 on the substrate 1 of various 
kinds, such as fiber for which drawing 1 (a) has glass, a metal, or network structure, and drawing 1 
(b) are the internal structure mimetic diagrams of the pillar-shaped hollow crystal 3. Moreover, the 
electron microscope photograph of an example of the operation gestalt of the oxide photocatalyst 
ingredient of this invention is shown in drawing 2, drawing 3, and drawing 4. 
[0020] As shown in drawing 1 (a), as for the oxide photocatalyst ingredient A of this invention, the 
titanium oxide crystal (pillar-shaped hollow crystal) 3 of pillar-shaped hollow structure is growing 
from the crystalline germ 2 on a substrate 1 . Moreover, the configuration united with the column- 
like crystal as a prism, the shape of crystal form of cylindrical **, the shape of crystal form of the 
arborescence which branched, and two or more columnar crystals grew is included so that it may 
see with a microphotography. 

[0021] The interior of the pillar-shaped hollow crystal 3 has the structure shown in drawing 1 (b). 
namely, the outer wall section 4 which has joined together in the condition with a high-density 




crystal, or consists of thin columnar crystals more remarkable than the pillar-shaped hollow crystal 
3 and a crystal - low - it consists of the interior 5 of hollow which forms the crystal aggregate in 
the consistency condition. 

[0022] In the outer wall section 4 which the crystal has combined in the high-density condition, the 
magnitude of the crystal grain is 2nm - 50nm about, and the width of the outer wall section 4 
consists of 20nm - 100nm about. Moreover, in the outer wall section 4 which consists of thin 
columnar crystals more remarkable than the pillar-shaped hollow crystal 3, the width of the pillar- 
shaped hollow crystal 3 simple substance is 2nm - 50nm about, and the width (namely, width of the 
outer wall section 4) of the aggregate of the pillar-shaped hollow crystal 3 consists of 20nm - 
1 0Onm about. 

[0023] the interior 5 of the hollow surrounded by the above-mentioned outer wall section 4 - above 
- a crystal - low - the crystal aggregate is formed in the consistency condition, a crystal - low - 
by existing in the consistency condition, the interior of the pillar-shaped hollow crystal 3 constitutes 
structure in the air. Although a pillar-shaped hollow crystal without crystal grain is observed rarely, 
either, there are very few rates of occupying to the whole. As crystal grain exists mostly, possibility 
of activity of rising is higher. In addition, the path of the crystal simple substance 6 which exists in 
the interior 5 of hollow is 5nm - 50nm about, and the particle size of these crystals 6 is larger than 
the crystal which constitutes the outer wall section 4 generally. 

[0024] Drawing 2 is an electron microscope photograph when cutting the pillar-shaped hollow 
crystal 3 of this invention, the crystal grain with which the pillar-shaped hollow crystal 3 of this 
invention is surrounded by the outer wall section 4 and it also from this photograph - low - signs 
that form the crystal aggregate in the consistency condition and it has hollow structure can be 
checked. 

[0025] Drawing 3 and drawing 4 observe the upper limit section of the pillar-shaped hollow crystal 3 
of this invention, respectively. In drawing 3, the upper limit section of the pillar-shaped hollow 
crystal 3 is covered in the outer wall section 4, and the condition of having closed can be checked. 
In drawing 4, the upper limit section of the pillar-shaped hollow crystal 3 is not covered with the 
outer wall section 4, but a cavity-like thing can be checked. In the pillar-shaped hollow crystal 3, the 
upper limit section has closed in many cases. However, as for the rate of the crystal which all the 
upper limit all [ a part or ] of the pillar-shaped hollow crystal 3 have opened wide, some which were 
produced on condition that usual have about 20% of a certain cases. If it produces on special 
conditions, all will almost be in an open condition and activity will become high. 
[0026] The pillar-shaped hollow crystal 3 which has the above-mentioned structure is grown up 
from a crystalline nucleus 2, and is produced with the sol solution which consists of an 
organometallic compound. Usually, when the sol solution which consists of an organometallic 
compound is applied on a substrate 1 and solidification and heat treatment are performed in the 
condition that the matter used as a crystalline nucleus does not exist, the titanium oxide crystal 
formed is granular and a column-like crystal is not formed. On the other hand, the oxide 
photocatalyst ingredient A of this invention forms, unique shape of crystal form, i.e., columnar 
crystal, which grew up to be a lengthwise direction to the substrate 1 . Furthermore, the interior of 
the columnar crystal is making hollow structure. Although it is not clear at present about that the 
shape of crystal form which grows from a crystalline nucleus 2 makes the shape of a column, and 
the reason the interior of the columnar crystal constitutes hollow structure, in a titanium oxide 
crystal growth process, it is clear that the existence of the existence of the crystal used as the seed 
crystal, i.e., the nucleus, to which crystal growth is urged influences greatly pillar-shaped hollow 
crystal formation of the titanium oxide formed. Moreover, the thing in solidification aiming at organic 
substance removal and crystallization and a heat treatment process which processing temperature 




influences as greatly as a crystal formation fault is also considered enough, respectively. 
[0027] It is as above-mentioned that a photocatalyst function takes place in a photocatalyst body 
surface. Since most is formed in the lengthwise direction to the substrate 1 as countless existence 
of the pillar-shaped hollow crystal 3 obtained by this invention is recognized in an oxide 
photocatalyst ingredient A front face and it is shown in drawing 1 (a), it is clear that the area which 
the photocatalyst body surface which contributes to a photocatalyst function exposes increases as 
compared with a granular crystal. Furthermore, when nothing and the upper limit section are 
opened wide and the interior of a columnar crystal is emasculated in hollow structure, a field 
effective in a photocatalyst function is formed also in the interior of a crystal. It is thought that the 
area of a front face effective in a photocatalyst function increases further, and a photocatalyst 
function is high-activated by this. 

[0028] In order that the crystalline nucleus 2 into which a titanium oxide crystal is grown up may 
form the shape of unique crystal form, it is as above-mentioned to have done big effect. Any of a 
single crystal, the polycrystalline substance, ****, the ceramics, the metaled thermal oxidation film, 
and an oxide film on anode are sufficient as the class of this crystalline nucleus 2. The titanium 
oxide crystal 3 which constitutes pillar-shaped hollow structure being obtained from a crystalline 
nucleus 2 also about the case having put the crystalline nucleus mentioned here into the sol 
solution of an organometallic compound, or having applied the sol solution, and it solidifying and 
heat-treating to a crystalline nucleus is actual proof ending. 

[0029] Moreover, even if it produces the crystal film 2, i.e., a crystalline germ, on a substrate 1 by 
the CVD method or PVD and grows up the titanium oxide crystal 3 by the same approach as the 
above, the titanium oxide crystal 3 which constitutes pillar-shaped hollow structure being obtained 
from a crystalline germ 2 is actual proof ending. 

[0030] The magnitude of the crystalline nucleus into which a titanium oxide crystal is grown up is 
good to limit to 1nm - 350nm for the following reasons. That is, if a crystalline germ is smaller than 
1nm, it is possible to grow up without the influencing the titanium oxide crystal which grows on a 
crystalline germ by detailed-ization of a crystalline germ. Moreover, even if a crystalline nucleus 
becomes larger than 350nm, the same thing can be considered by big and rough-ization of a 
crystalline nucleus. That is, in order that a titanium oxide crystal may accomplish a pillar-shaped 
hollow crystal, it can say that the magnitude of an effective crystalline nucleus is 1nm - 350nm. 
[0031] forming the columnar crystal which solidifies and heat-treats the configuration of the above 
crystals, i.e., the sol solution of an organometallic compound, and has hollow structure from a 
crystalline nucleus - high - the oxide photocatalyst which discovers an activity photocatalyst 
function can be obtained. And when the oxide photocatalyst ingredient of this invention is built into 
a housing and circulates through air with the ultraviolet-rays light source, a stinking component and 
an injurious ingredient being decomposed and clarification of air being performed efficiently is 
check ending. Moreover, application being also possible for the environmental purge aiming at 
water purification, deordorization, antibacterial, and sterilization in addition to this is check ending 
by experiment. 

[0032] Hereafter, an example is explained. 

[Example] The titanium oxide crystal 3 of pillar-shaped hollow structure was formed on the 
crystalline nucleus 2 by putting in a crystalline nucleus into the sol solution which consists of an 
organometallic compound in the substrate 1 front face with neutral detergent, isopropyl alcohol, 
and pure water, using the alkali free glass which performed washing processing as a substrate 1 , 
or applying a sol solution to a crystalline nucleus, and performing solidification and heat treatment. 
[0033] As the adjustment approach of the sol solution which consists of an organometallic 
compound, butanediol:35g, H2O:0.4g, and nitric-acid:0.5g were mixed, and it was dropped, stirring 




titanium tetra-isopropoxide (it being described as Following TTIP) 5g in this solution, and stirred in 
ordinary temperature after that for 4 hours. 

[0034] Thus, the titanium oxide crystal was formed on the crystalline nucleus by applying the sol 
solution which is the above, and was made and obtained to the crystalline nucleus which put in the 
crystalline nucleus produced by the various producing methods into the obtained sol solution, or 
was produced by the various producing methods, and performing solidification and heat treatment. 
Solidification was performed in the dryer on the attainment temperature of 150 degrees C - 200 
degrees C, and the conditions of holding-time 2 hours. Heat treatment was performed in the 
electric furnace on the programming rate of 10 degrees C / min, the attainment temperature of 300 
degrees C - 600 degrees C, and the conditions of holding-time 2 hours. 
[0035] Thus, the obtained oxide photocatalyst ingredient was made into the sample, arid the 
decomposition trial of the acetaldehyde which is harmful matter was carried out as evaluation of a 
photocatalyst function. After a test method puts the oxide photocatalyst produced first into a 20I. 
glass container and permutes the inside of a container by the controlled atmosphere, it pours in 
acetaldehyde gas into a container so that it may be set to 20 ppm. Next, the oxide photocatalyst 
was irradiated by the black light and time amount until acetaldehyde concentration is set to 1 ppm 
or less was measured with the gas monitor. 

[0036] Moreover, the X diffraction performed crystal structure analysis of the oxide photocatalyst in 
the above-mentioned sample. The scanning electron microscope (it is described as Following 
SEM) and the transmission electron microscope (it is described as Following TEM) performed 
surface observation of an oxide photocatalyst. The experiment conditions in an example and the 
example of a comparison are shown in Table 1 . 
[0037] 
[Table 1] 



[0038] The example 1 used titanium oxide powder as a crystalline nucleus. It was dropped slowly, 
stirring the solution which melted TTIP:7g (0.025 mols) to 1-propanol 50ml to distilled water in 
ordinary temperature as the adjustment approach of titanium oxide powder, and stirred after 
dropping for 1 hour, suction filtration was given, and it dried at 1 10 degrees C one whole day and 
night. The mortar ground the dry thing and it heat-treated with the electric furnace at 600 degrees 
C for 2 hours. The titanium oxide powder produced by this approach was put in into the sol 
solution, and the titanium oxide crystal was grown up from the crystalline nucleus by performing 
spreading, solidification, and heat treatment. Solidification went by the conditions of maintenance 
for 2 hours in the range of 150 degrees G - 200 degrees C attainment temperature. Heat treatment 
was performed on condition that maintenance for 2 hours in the range with an attainment 
temperature of 500 degrees C - 600 degrees C. 

[0039] Using the titanium oxide crystal film produced by the sputtering method as a crystalline 
germ, the example 2 applied the sol solution on this crystal film, and grew up the titanium oxide 
crystal. Solidification went by the conditions of maintenance for 2 hours in the range of 150 
degrees C - 200 degrees C attainment temperature. Heat treatment was performed on condition 
that maintenance for 2 hours in the range with an attainment temperature of 500 degrees C - 600 
degrees C. As production conditions for the crystal film by the sputtering method, it is flow rate 
20sccm pair 20sccm [ of titanium metal of 99.995% or more of use target purity, impression power 
1500W, the spatter pressure of 10.0Pa, an argon, and oxygen ], substrate temperature [ of 250 
degrees C ], and membrane formation time amount 3 hours. It was checked that the crystal film 
obtained by such sputtering method is constituted from a crystal with a magnitude of 10nm - 60nm 




by surface observation. 

[0040] Using the titanium oxide crystal film produced by evaporative decomposition as a crystalline 
germ, the example 3 applied the sol solution on this crystal film, and grew up the titanium oxide 
crystal. Solidification went by the conditions of maintenance for 2 hours in the range of 150 
degrees C - 200 degrees C attainment temperature. Heat treatment was performed on condition 
that maintenance for 2 hours in the range with an attainment temperature of 500 degrees C - 600 
degrees C. As the production approach of the titanium oxide crystal film by evaporative 
decomposition, adjustment of a raw material solution added the acetylacetone (Hacac) by the mol 
ratio (Hacac/TTIP) 1 .0 to titanium tetraisopropoxide (TTIP), and diluted and stirred it by isopropyl 
alcohol. Membrane formation conditions were performed by atomizing-pressure 0.3Mpa, amount of 
spraying 1 .0 ml/sec, spraying time amount 0.5min / time, the substrate temperature of 450 degrees 
C, and 200 counts of spraying. It was checked that the titanium oxide crystal film produced by 
evaporative decomposition is constituted from a crystal with a magnitude of 30nm - 100nm by 
surface observation. 

[0041] In the example 1 of a comparison, a crystalline-nucleus class and desiccation conditions are 
made into an example 1 and these conditions, and change heat treatment conditions. Titanium 
oxide powder and solidification were performed in the range with an attainment temperature of 150 
degrees C - 200 degrees C, and maintenance and heat treatment were performed to the crystalline 
germ on condition that maintenance for 2 hours for 2 hours in the range with an attainment 
temperature of 300 degrees C - 450 degrees C. 

[0042] In the example 2 of a comparison, a crystalline-nucleus class and desiccation conditions are 
made into an example 2 and these conditions, and change heat treatment conditions. The titanium 
oxide crystal film and solidification which were produced by the sputtering method were performed 
to the crystalline germ in the range with an attainment temperature of 150 degrees C - 200 degrees 
C, and maintenance and heat treatment were performed on condition that maintenance for 2 hours 
for 2 hours in the range with an attainment temperature of 300 degrees C - 450 degrees C. In 
addition, as production conditions for the crystal film by the sputtering method, it is flow rate 
20sccm pair 20sccm [ of titanium metal of 99.995% or more of use target purity, impression power 
1500W, the spatter pressure of 10.0Pa, an argon, and oxygen ], substrate temperature [ of 250 
degrees C ], and membrane formation time amount 3 hours. It was checked that the crystal film 
obtained by the sputtering method is constituted from a crystal with a magnitude of 10nm - 60nm 
by surface observation. 

[0043] In the example 3 of a comparison, a crystalline-nucleus class and desiccation conditions are 
made into an example 3 and these conditions, and change heat treatment conditions. The titanium 
oxide crystal film and solidification which were produced by evaporative decomposition were 
performed to the crystalline germ in the range with an attainment temperature of 150 degrees C - 
200 degrees C, and maintenance and heat treatment were performed on condition that 
maintenance for 2 hours for 2 hours in the range with an attainment temperature of 300 degrees C 
- 450 degrees C. In addition, as the production approach of the titanium oxide crystal film by 
evaporative decomposition, adjustment of a raw material solution added the acetylacetone (Hacac) 
by the mol ratio (Hacac/TTIP) 1 .0 to titanium tetraisopropoxide (TTIP), and diluted and stirred it by 
isopropyl alcohol. Membrane formation conditions were performed by atomizing-pressure 0.3Mpa, 
amount of spraying 1 .0 ml/sec, spraying time amount 0.5min / time, the substrate temperature of 
450 degrees C t and 200 counts of spraying. It was checked that the titanium oxide crystal film 
produced by evaporative decomposition is constituted from a crystal with a magnitude of 30nm - 
100nm by surface observation. 

[0044] The experimental result in these examples and the example of a comparison is shown in 




Table 2. 
[0045] 
[Table 2] 

[0046] The result of Table 2 shows the following things. Using titanium oxide powder as a 
crystalline nucleus, in the solidification after sol solution support, and the example 1 of a 
comparison which made heat treatment conditions the above-mentioned thing, the crystal structure 
has the anatase mold effective in a photocatalyst function, and the resolving time of an 
acetaldehyde showed the comparatively good photocatalyst function by 38min. Moreover, hollow 
structure was not able to be checked although the shape of crystal form had constituted the shape 
of a column. And the columnar crystal upper limit section was in the closed condition. The shape of 
these crystal form was checked by SEM observation. 

[0047] Using the crystal film produced by the sputtering method as a crystalline nucleus, in the 
solidification after sol solution support, and the example 2 of a comparison which made heat 
treatment conditions the above-mentioned thing, the crystal structure has the anatase mold 
effective in a photocatalyst function, and the resolving time of an acetaldehyde showed the 
comparatively good photocatalyst function by 30min. Moreover, hollow structure was not able to be 
checked although the shape of crystal form had constituted the shape of a column. And the 
columnar crystal upper limit section was in the closed condition. The shape of these crystal form 
was checked by SEM observation. 

[0048] Using titanium oxide crystal **** produced by evaporative decomposition as a crystalline 
nucleus, in the solidification after sol solution support, and the example 3 of a comparison which 
made heat treatment conditions the above-mentioned thing, the crystal structure has the anatase 
mold effective in a photocatalyst function, and the resolving time of an acetaldehyde showed the 
comparatively good photocatalyst function by 44min. Moreover, hollow structure was not able to be 
checked although the shape of crystal form had constituted the shape of a column. And the 
• columnar crystal upper limit section was in the closed condition. The shape of these crystal form 
was checked by SEM observation. 

[0049] Examples 1-3 make the conditions which can be set like a titanium oxide crystal formation 
fault the above-mentioned thing to the above-mentioned examples 1-3 of a comparison. It 
describes about the result of each example below at a detail. 

[0050] An example 1 performs solidification after sol solution support for 2 hours on condition that 
maintenance and 2-hour maintenance of heat treatment in the range of 500 degrees C - 600 
degrees C in the range with an attainment temperature of 150 degrees C - 200 degrees C, using 
titanium oxide powder as a crystalline nucleus, an anatase mold with a crystal structure effective in 
a photocatalyst function - having - **** - the resolving time of an acetaldehyde - 15min - very 
much - high - the activity photocatalyst function was shown, the shape of moreover, crystal form - 
- the shape of a column - accomplishing -****- in addition - and the interior of a crystal had 
constituted hollow structure. And the columnar crystal upper limit section was in the closed 
condition. The shape of these crystal form was checked by SEM observation. 
[0051] An example 2 performs solidification after sol solution support for 2 hours on condition that 
maintenance and 2-hour maintenance of heat treatment in the range of 500 degrees C - 600 
degrees C in the range with an attainment temperature of 150 degrees C - 200 degrees C, using 
the titanium oxide crystal film produced by the sputtering method as a crystalline nucleus, an 
anatase mold with a crystal structure effective in a photocatalyst function - having the 
resolving time of an acetaldehyde - 10min - very much - high - the activity photocatalyst function 




was shown, the shape of moreover, crystal form - the shape of a column - accomplishing - **** - 
in addition - and the interior of a crystal had constituted hollow structure. And the columnar crystal 
upper limit section was in the condition opened wide. The shape of these crystal form was checked 
by SEM observation. 

[0052] An example 3 performs solidification after sol solution support for 2 hours on condition that 
maintenance and 2-hour maintenance of heat treatment in the range of 500 degrees C - 600 
degrees C in the range with an attainment temperature of 150 degrees C - 200 degrees C, using 
the titanium oxide crystal film produced by evaporative decomposition as a crystalline nucleus, an 
anatase mold with a crystal structure effective in a photocatalyst function - having -****- the 
resolving time of an acetaldehyde - 13min - very much - high - the activity photocatalyst function 
was shown, the shape of moreover, crystal form - the shape of a column - accomplishing -****- 
in addition - and the interior of a crystal had constituted hollow structure. Having accomplished 
hollow structure was checked by SEM observation. 

[0053] the above examples 1-3 - high - in order to discover an activity photocatalyst function, it 
was checked that it is effective that the crystal of an oxide photocatalyst consists of columnar 
crystals, and the interior of a columnar crystal has constituted hollow structure. Moreover, it was 
checked that a photocatalyst function is further high-activated by being emasculated from the 
condition which the upper limit section in a pillar-shaped hollow crystal was not covered with the 
outer wall section, but has opened wide, i.e., the upper limit section. And being formed by the 
columnar crystal which has this hollow structure supporting the sol solution of an organometallic 
compound, and solidifying and heat-treating it to a crystalline nucleus, was also checked, in 
addition, in the above-mentioned examples 1-3, although titanium oxide powder, the crystal film by 
the sputtering method, and the crystal film by evaporative decomposition were mentioned as the 
example as a crystalline germ, even when a single crystal, the polycrystalline substance, the 
ceramics, the metaled thermal oxidation film, an oxide film on anode, and glass ceramics are used 
as crystalline germs other than this, the columnar crystal which has hollow structure from a 
crystalline germ forms - having - high - finishing [ that an activity photocatalyst function is shown / 
a check by experiment ] - it is . Moreover, although alkali free glass was mentioned as the 
example in the above-mentioned examples 1-3 as a substrate used for formation of a crystalline 
nucleus, and support of a sol solution, the same result's being obtained even when the body made 
into porosity by textile fabrics, the sponge Mr. body or chemical corrosion, machining, etc. is used 
as a substrate as substrates other than this is check ending by experiment. 
[0054] 

[Effect of the Invention] the oxide photocatalyst of this invention being characterized by the titanium 
oxide crystal grown up from the crystalline germ constituting pillar-shaped hollow structure, as 
explained above, and constituting an oxide photocatalyst thin film according to this crystal structure 
- it is - high - an activity photocatalyst function is obtained. Moreover, according to the oxide 
photocatalyst of this invention, by including in a housing and circulating through air with the 
ultraviolet-rays light source, a stinking component and an injurious ingredient are decomposed and 
clarification of air can be performed efficiently. Moreover, since the oxide photocatalyst of this 
invention is the aggregate of a pillar-shaped hollow crystal, the capture effect of a particle and 
bacteria is also size. Furthermore, the oxide photocatalyst ingredient concerning this invention 
does so much effectiveness - the capture effect of the above-mentioned large-sized allergy matter 
can be improved - by attaching the hole and groove of magnitude comparable as large-sized 
allergy matter, such as pollen, to the substrate used as the base material which forms a crystalline 
nucleus. Moreover, as described above, in a clarification function, an antibacterial function, a 
deordorization function, an antifouling function, etc., it has remarkable effectiveness, and the oxide 




photocatalyst ingredient concerning this invention can be applied to environmental purges, such as 
various air-conditioning equipment or the Shimizu machines, such as an air cleaner, a 
deordorization machine, and an air conditioning machine, and a water quality purification device. 



